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Abstract. We calculate the Dirac neutrino anapole moment (aνl ) in the context of the Standard
Model (SM) making use of the Dirac form factor FD(q2) introduced recently by J. Bernabéu, L. G.
Cabral-Rosetti, J. Papavassiliou y J. Vidal by using the Pinch Technique (PT) formalism, working
in two different gauge-fixing schemes (Rξ guage and the electroweak BFM), at the one loop level.
We show that the neutrino anapole form factor FA(q2) and Dirac form factor FD(q2) are related as
follows: FA(q2) = 1q2 FD(q
2). Hence, the Dirac neutrino charge radius 〈r2νl 〉 and the anapole moment
satisfy the simple relation aνl =
1
6 〈r2νl 〉. Therefore, we show that the anapole moment (as the charge
radius) of the neutrino is a physical quantity, which only gets contribution from the proper neutrino
electromagnetic vertex (in electroweak BFM), and that aνl is of the order 10−34 cm2. 1
INTRODUCTION
In 1987, M. Abak and C. Aydin [1] calculated aνl in the context of the Standard Model
of the electroweak interaction (SM) [2], using the ’t Hooft-Feynman gauge [3] and
conclude that aνl is too small to be measured. In 1992, A. Góngora-T and R. G. Stuart,
defined the charge radius and anapole moment of a free fermion as being its vector and
axial-vector contact interactions with an external electromagnetic current and they got,
at one loop in the SM, a finite and gauge invariant expression for these quantities [4].
In 1987, H. Czyz et al. [5] discussed the anapole moment of charged leptons in the
context of the SM and showed that this quantity is gauge dependent and therefore is not
a physical quantity in this model. In 1991, M. J. Musolf and B. R. Holstein analized the
neutrino matrix element of the electromagnetic current for low q2 and showed that the
anapole moment is just 16 times the charge radius [6]. In 2000, A. Rosado presented a
calculation of the neutrino anapole moment in the linear Rξ gauge at the one loop level
in the context of the SM and showed explicitly that it is an infinite and gauge dependent
quantity in this model. He also introduced, the electroweak anapole moment aEWνl through
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FIGURE 1. Only two proper vertex diagrams contribute to the neutrino charge radius 〈r2νl 〉 and there-
fore neutrino anapole form factor FA(q2) at the one-loop level after that the massive gauge cancellation,
which takes place when the Pinch Technique is used, in the electroweak Background Field Method.
the elastic scattering νll′ which is finite, gauge independent, and independent of the
lepton l′ used to define it [7, 8].
In this work, we calculate the neutrino anapole moment aνl in the context of the SM
of the electroweak interactions SU(2)L ⊗U(1)Y making use of the Dirac form factor
introduced by J. Bernabéu, L. G. Cabral-Rosetti, J. Papavassiliou y J. Vidal [14]. This
electromagnetic form factor was obtained through the process e+e− → νl ¯νl at the one
loop level, by using the Pinch Technique (PT) formalism [9, 10, 11, 12, 13], working
in two different gauge-fixing schemes (Rξ guage and the electroweak BFM), at the one
loop level, in the context of SM and becomes for arbitrary momentum transfer q2: finite,
independent on the gauge-fixing parameter, on the gauge-fixing scheme employed,
on the Higgs and quark sector of the theory, and on the properties of the charged
lepton used to define it. This paper is organized as follows. In the next section, we
show that the neutrino anapole form factor FA(q2) and FD(q2) are related as follows:
FA(q2) = 1q2 FD(q
2). Hence, the neutrino charge radius 〈r2νl〉 and the anapole moment
satisfy the simple relation aνl =
1
6〈r2νl〉. Therefore, we show that the anapole moment (as
the charge radius) of the neutrino is a physical quantity. Also in this section, we give the
expression of the anapole form factor and the numerical values of the anapole moment
for the three different neutrino species. Finally, we present our conclusions.
THE NEUTRINO ANAPOLE MOMENT
The matrix element of the electromagnetic current in the frame of the SM can be
expressed at the lowest order in α, for all q2, where q = p− p′, in terms of only one
form factor FD(q2) as [15, 16, 17, 18]
Mµ = FD(q2)u¯νl(p
′)γµ(1− γ5)uνl(p). (1)
In Fig. 1, we show only the two one-loop diagrams, which contribute to the Dirac form
factor, after that the massive gauge cancellation, which takes place when the PT is used
[14], in the electroweak Background Field Method [19]. For a massless Dirac neutrino
we can rewrite Eq. (1), for all q2, as follows
Mµ = u¯νl(p
′){γµ f1(q2)− γλγ5[gλµq2−qλqµ] f3(q2)}uνl(p) (2)
where[20] f1(q2) = FD(q2) and f3(q2) = FA(q2) = 1q2 FD(q2) are the Dirac and anapole
form factor of the neutrino, respectively, with
f1(0) = FD(0) = 0, (3)
〈r2νl〉=− 6
∂ f1(q2)
∂q2
∣∣∣∣
q2=0
=− 6 ∂FD(q
2)
∂q2
∣∣∣∣
q2=0
, (4)
and
aνl = f3(0) =
FD(q2)
q2
∣∣∣∣
q2=0
=
∂FD(q2)
∂q2
∣∣∣∣
q2=0
. (5)
That is,
aνl =
1
6 〈r
2
νl〉. (6)
Finally, according to the results given for FD(q2) in Eq. (7.10) of Ref. [14],
FD(q2) =− αe8pis2W
{
1+
(
1
2
+
M2W
q2
)[
B0(q2;m2l ,m
2
l )−B0(q2;M2W ,M2W)
]
+M2W
(
2+ M
2
W
q2
)
C0(0,q2,0;m2l ,M2W ,M2W)+
(q2 +M2W)2
q2
C0(0,q2,0;M2W ,m2l ,m2l )
}
.
(7)
Hence, we conclude that the anapole moment, as the charge radius, of the neutrino is a
physical quantity, which only gets contribution from the proper neutrino electromagnetic
vertex Fig. (1). Taking into account the relations among scalar, two-points B0 and three-
points C0 Passarino-Veltman functions reported in the Refs. [17, 18, 21] we get
aνl =
GF
24
√
2pi2
{
3−2 log
(
m2l
M2W
)}
, (8)
The numerical evaluation of the above expression for the three different neutrino species
yields: aνe = 6.8×10−34 cm2, aνµ = 4.0×10−34 cm2 and aντ = 2.5×10−34 cm2.
CONCLUSIONS
The main goal in this paper has been to calculate the anapole moment of the neutrino,
making use of the Dirac form factor introduced by J. Bernabéu, L. G. Cabral-Rosetti,
J. Papavassiliou y J. Vidal [14]. This form factor was obtained through the physical
process e+e− → νl ¯νl working in the linear Rξ gauge and using the electroweak BFM
in the context of the standard model of the electroweak interactions, at the one loop
level. We showed in frame of the SM, that the neutrino anapole form factor FA(q2) and
the Dirac form factor FD(q2) are related as follows: FA(q2) = 1q2 FD(q
2). Therefore the
neutrino anapole moment aνl and the neutrino charge radius 〈r2νl〉 satisfy the simple
relation aνl = 16〈r2νl〉. Hence, we showed that the anapole moment (as the charge
radius) of the neutrino becomes a physical quantity, which has the following properties:
(i) it only gets contribution from the proper neutrino electromagnetic vertex, (ii) it is
finite, (iii) it is independent on the gauge-fixing parameter, (iv) it is independent on the
gauge-fixing scheme employed, (v) it does not depend on the Higgs or quark sector
of the theory, (vi) it does not depend on the properties of the charged lepton used to
define it. The numerical values of aνl for the three different neutrinos are of the order
10−34 cm2.
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